The intercalation of kaolinite with an ammonium salt was performed. Untreated and treated kaolinite samples were examined by X-ray diffraction (XRD). PP/kaolinite compounds were prepared by the melt intercalation method. The effects of modified clay on properties of the prepared composites were studied. The XRD results showed that the treatment with the ammonium salt caused the return to the initial state of the clay. The thermogravimetric analysis thermograms (TGA) marked an increase in thermal degradation of the composites, while the differential scanning calorimetric (DSC) results showed the decrease of the crystallization temperature and the melting point in presence of clay in the matrix owing to the fact that the filler acts as reinforcing effect. The mechanical properties of the composites exhibited important variations, the morphology of the composites was further studied using scanning electron microscopy (SEM) and showed poor dispersion of used nanoclay in PP matrix.
dimethylsulfoxide (DMSO), formamide, hydrazine potassium acetate, and urea [9] [10] . The separation of kaolinite layers results in particle size reducing and an increase of the specific surface area and the basal spacing of the clay which may facilitate the intercalation of polymer chains between its platelets and the composite materials exhibit remarkable improvements in materials properties compared with the virgin polymer [11] .
The influence of surface treatments of kaolinite with an alkylammonium salt on the mechanical morphological and thermal properties of polypropylene (PP) was studied in present work.
EXPERIMENTAL

Materials
The polypropylene (PP) used in this study is a statistic copolymer grade "Moplen RP 320H", obtained from Basell. The melt flow index (MFI) reported to be 2.30 g /10 min at 190 °C with the density of 0.9 g/cm³.
The raw kaolinite used to prepare PP/kaolinite composite, consisted of small-diameter (≤45 µm) particles that had perfect crystallization and high purity. Its chemical composition was 
Kaolinite treatments
The kaolinite used in this study was already intercalated with dimethylformamide (DMF). The resulting material was subjected to a reaction in a solution containing the ammonium salt (HDTMA) at a temperature of 80°C for 24 hours. After that, the clay was filtered and dried then stored.
Preparation of Composites
An internal mixer (Haake Rheocord) was used to prepare the required composites, respectively, PP/TK and PP/UK, with polypropylene matrix and the treated and untreated kaolinite amounts varying from 1 to 5 parts per hundred resins (phr), the mixing temperature was kept at 190°C, the rotation speed set at 30 rpm for a period of 10 minutes.
O. Meziane et al. J Fundam Appl Sci. 2016, 8(2) , 494-509 497
CHARACTERIZATION METHODS
X-ray diffraction (XRD)
XRD was used to study the modified and unmodified kaolin using XPERT diffractometer equipped with Cu-kα radiation (λ=0.154nm) at room temperature. The scans were taken in a 2 range from 4 to 30°, with 0.02° step size and the counting time of one scan 5 s.
Melt flow index (MFI)
Melt flow indices of polypropylene matrix and PP composites with the treated and untreated kaolinite amounts varying from 1 to 5 parts per hundred resins (phr) were measured according to ASTM D 1238 using MFI apparatus ( Melt -Indexer modèle 5), under the condition of 2.16 kg load at the temperature of 230°C.
Scanning electron microscopy (SEM)
It was employed to observe the morphology such as filler dispersion inside the polymeric materials and interfacial adhesion of the components. The surface of film was coated with thin layer of Au, with a SEM-coating device and then experimental using SEM with acceleration voltage of 20kV.
Differential scanning calorimetric (DSC)
DSC (TA Instrument) was used to study the crystallization and melting behavior. The sample were heated from ambient temperature to 250°C under nitrogen atmosphere, at heating rate of 10°C/min and kept at this temperature for 5 min before cooling down in order to assure that the materials melted uniformly and eliminating thermal history. The samples were then cooled down to room temperature at cooling rate of 10°C/min under nitrogen atmosphere.
Crystallization temperature (T c ) and melting temperature (T m ) were recorded on the thermograms. In order to estimate the crystallinity % (χ c ), the following equation was used is 165 J/g) was used [13] .
Thermogravimetric analysis (TGA)
The thermal characteristics of the samples was determined by thermal gravimetric analysis (TGA) using a TGA Q500 apparatus with a heating rates of 20•C/min in air The isothermal 
Mechanical properties
Notched Izod impact strengths were measured on compressed samples according to the norm ASTM D256, using a Resil Impactor pendulum instrument to characterize the tensile characteristics of the hompolymer and its composites, namely, the stress and the elongation at yielding and at break ( σ y and ε y ) and (σ r and ε r ), respectively, measurements were performed according to the norm ASTM D638, at a cross-head speed of 30 mm/min on dumbbell samples using a Zwick Material prufung 1445.
RESULTS AND DISCUSSION
XRD analysis
The XRD was used to observe intercalation process into kaolinite. 
Morphology
The dispersion of clay in polypropylene was evaluated by scanning (SEM). Figure 3 is the SEM micrograph of PP/UK and PP/TK filled with 4 phr, it shows that the untreated kaolinite (UK) and throughout matrix; However, a deeper investigation, spec aggregates for all composites, suggests a swollen lamellar structure within themselves, the presence of large and small agglomerates and poor adhesion to the polymer. It is very difficult to estimate the size of the dispersed in matrix. The size of the aggregates is, therefore, strongly dependent on orientation of particles. However, the size of aggregates in PP/UK is larger than the size of aggregates in PP/TK. However, utilization of the treatment kaolinite improved dispersion and decrease the size of aggregation. The crystallization peak temperature T c (temperature at the exotherm maximum) of PP was slightly shifted as kaolin is added. The little variation in the crystallization temperature after introduction of the filler means that higher undercooling of the melt is necessary for the crystallization to occur 14 ; we believe that the reason of this behavior is the strong influence of the kaolinite on the chain dynamics. Although fillers usually act as nucleation centers [15] , the crystallization in the present system is slowed down as a result of lower chain mobility. 
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Fig.5. DSC thermograms PP/treated kaolin
The melting peak temperatures T m of the untreated and ammonium treated kaolin composites vary trivially with respect to that of neat PP. This result suggests that the addition of small kaolin concentrations and its treatment did not affect the structure and the stability of the formed PP crystals.
These results indicate that the incorporation and the modification of the filler apparently affect the PP crystallization rate, but influence the PP crystallinity only slightly, as it is reported in the Table 2. DSC results show no significant differences between pure PP and composites (Table 2) . We expected nanoclay act as a nucleating agent and enhance crystallization temperature (T c ).
Nevertheless, the crystallization capability of nanoclay composites will not be improved if the filler network plays a role to restrict the movement of molecular chains. There are no significant changes in T m and X c between all samples. Therefore, most of nanoparticles are placed in amorphous phase. Additionally, the crystallization heat ∆H c varied in significantly for all the composites samples. 
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Thermal degradation
The effect of the nanofiller presence on the thermal stability of the composites was studied by means of thermogravimetry experiments. Figures 6 and 7 report the TGA curves, obtained under air atmosphere, of PP samples and composites which degradation characteristics are reported in the ( Table 2 ).
The degradation of pure polypropylenes takes place in one stage from 250 to 393°C with approximately no residual mass.
The PP/untreated kaolin composites showed almost an identical thermal stability and as the PP matrix, they are decomposed on only one stage. All the composites started degradation at 250 °C, however; a noticeable increase is observed on the value of the temperature at which the degradation is achieved T df . For example, the composite including 5 phr of kaolin begins to degrade at 250 • C and finished at 405
• C, with a residual mass around 5.5 %, which is approximately the clay loading in the composite. T dmax exhibit the same variations as T df because it increases when the kaolin concentration increases. Indeed, T dmax varies from 374
• C for neat PP to 389
• C for the formulation including 5phr of kaolinite. These observations suggest that the addition of small amounts of the filler enhances noticeably the thermal stability of the whole material [16] .
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The thermal stability of the PP/modified kaolin composites, exhibited a similar trend as the above ones. All the formulations started degradation around 250
• C and finishes with a residual mass equivalent to the clay loading in the composites. T df and T dmax showed an enhancement relative to the matrix, but no variations were noticed when compared to the composites with unmodified clay. So, the thermal stability enhancement is mainly due to the clay. 
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T e m p e r a t u r e (°C ) n e a t p p P P /T K 1 P P /T K 2 P P /T K 3 P P /T K 4 P P /T K 5 DSC results show that thermal properties of the polypropylene has not been effected much by addition of treated and untreated kaolinite and there was no significant changes in on the crystallinity and on the melting temperature of the matrix X c , T c and T m , Also, the TGA results confirmed a slight enhancement of the thermal stability of the composites relative to the neat matrix and the bonding of alkylammonium to its groups.
The mechanical characterization showed the decease of the PP/kaolin composites impact strength due to aggregates formation and to the poor adhesion between the filler surface and the matrix. In the opposite, small variations were observed on the tensile characteristics.
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